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ABSTRACT
In the present work we consider energy accumulation mechanism in relativistic
electron-positron plasma in the magnetosphere of pulsars. Waves propagating almost
across the magnetic field lines are generated that accumulate the energy of plasma
particles, as the waves stay significantly long in the resonance region. The accumu-
lated energy is transmitted in the parallel direction of the magnetic field lines as soon
as the non-linear plasma processes start to operate. It is suggested that exit of the
accumulated energy via waves propagating along the magnetic field lines matching the
viewing angle of the observer produces giant pulses. It is shown that these waves come
in the radio domain, explaining the Giant Radio Pulse phenomenon.
Key words: keyword1 – keyword2 – keyword3
1 INTRODUCTION
From several pulsars sporadic intense radio pulses are ob-
served known as the Giant Radio Pulses (hereafter GRPs)
that are much brighter than the regular pulses. This
rare phenomenon has been detected only in 16 pulsars
(see parameters in Kazantsev & Potapov (2018)), one of
the first of them was the Crab pulsar PSR B0531+21
(Stalin&Reifenstein 1968; Argyle&Gower 1972). The peak
flux densities of GRPs can exceed hundreds and thousand
of times the peak flux density of regular pulses and the pulses
reveal extremely narrow width in comparison with the av-
erage emission of the pulsar (their duration is of the order
of several microseconds down to few nanoseconds Istomin
(2004); Hankins&Eilek (2007)). The ultrashort durations of
the giant pulses imply very high equivalent brightness tem-
peratures (Hankins et al. 2003) indicating that they origi-
nate from nonthermal coherent emission processes. More-
over, through the GRPs narrow-band radiation is emitted
(the width of the spectrum is of the order of the frequency
band; Popov&Stappers (2003)). Another distinctive feature
of giant pulses from usual radio emission of pulsars is that
their amplitude distribution is power law, while that of nor-
mal pulses follows a log-normal distribution (Argyle&Gower
1972). All of the listed features of giant pulses that differs
them from the regular radio pulses indicates a different emis-
sion generation scenario.
Knowing the origin of giant radio pulses is extremely
⋆ E-mail: g.machabeli@iliauni.edu.ge
important for understanding the difference between ”nor-
mal” radio pulsars and the ones emitting also the gi-
ant pulses. Although, several theoretical models explain-
ing the GRPs have been proposed, the emission mecha-
nism of giant pulses still remains unclear. Weatherall (2001),
suggested that strong electrostatic turbulence in electron-
positron (e−e+) plasma could produce intense radiation.
Hankins et al. (2003) claimed that GRPs from the Crab
pulsar is produced through the conversion of electrostatic
turbulence in the pulsar magnetosphere by the mechanism
of spatial collapse of nonlinear wave packets. In Petrova
(2004) was proposed that GRPs are generated by induced
scattering of low frequency radiation in the pulsar magne-
tosphere causing a redistribution of the radio emission in
frequency. It has been found that the efficiency of the am-
plification of radiation drastically depends on radio luminos-
ity of a pulsar. For the pulsars with GRPs, PSR B0531+21
and PSR B1937+21 the value of total radio luminosity
Lr ≃ 4 · 10
31erg/s and 7.44 · 1030erg/s, consequently. These
values are indeed higher than that for other ”normal” radio
pulsars Malov (2006). In Istomin (2004) it was suggested
that the radio emission generation process is implemented
close to the light cylinder region by the electric discharge
taking place due to the magnetic reconnection of the field
lines connecting the opposite magnetic poles. It is considered
that the GRPs in pulsars PSR B0531+21 and B1937+21 are
generated through the maser amplification of Alfve´n waves.
It is supposed that these objects are perpendicular rota-
tors which provides specific charge distribution on magnetic
poles of the star. This causes appearance of strong electric
© 2018 The Authors
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Figure 1. Distribution function for a one-dimensional electron-
positron plasma of pulsar magnetosphere.
field and magnetic reconnection close to the light cylinder
that induces maser amplification of the amplitude of Alfve´n
waves. The mentioned process can develop only if the value
of the magnetic field in the region of the light cylinder is suf-
ficiently high (of the order of 106G,that is well fulfilled for
the considered pulsars). The most recent explanation was
provided by Lyutikov (2007) that is closest to our scenario
suggested in the present work. He supposed that GRPs are
generated on closed magnetic field lines in a limited small
volume, where the last closed field lines approach the light
cylinder via anomalous cyclotron resonance on the ordinary
mode. This model is especially developed for Crab pulsars
GRPs associated with the interpulse.
Here we present an alternative explanation of the phe-
nomena of GRPs, which suggests the mechanism of radio
emission energy growth due to nonlinear plasma processes
taking place in the pulsar magnetosphere. Particularly, the
GRPs generation scenario implies that the energy is accu-
mulated in waves propagating practically across the local
magnetic field lines that subsequently change the propagat-
ing direction due to induced scattering of waves on plasma
particles and finally can be observed as pulsar radio emis-
sion. This happens when the wave vector is practically par-
allel to the direction of magnetic field lines. In general we
believe that the pulsed radio emission from pulsars is gen-
erated near the light cylinder region by plasma instabilities
developing in the outflowing plasma on the open field lines
of the pulsar magnetosphere. Plasma can be considered as
an active medium that amplifies its normal modes through
the resonant wave-particle interaction. The generated e−e+
plasma eigen waves propagate along the magnetic field lines
and are in this case vacuum-like electromagnetic waves so
they can leave the magnetosphere directly and reach an
observer as pulsar radio emission. This plasma emission
model has been well developed and explains all main ob-
servational features of radio pulsars (see Lominadze et al.
(1979); Machabeli & Usov (1979a); Kazbegi et al. (1991a);
Lyutikov et al. (1999a); Lyutikov et al. (1999b)).
According to our scenario the formation of GRPs in pul-
sar magnetosphere is based on the above mentioned radio
emission generation model. Therefore, it is foremost essen-
tial to introduce the latter in more details. Consequently, in
Section 2, we describe the radio emission generation mech-
anism. This implies considering the maser-type plasma in-
stabilities, anomalous cyclotron-Cherenkov and Cherenkov-
drift resonances generating waves propagating along (Sec-
tion 2) and across (Section 3) the pulsar’s magnetic field
Figure 2. Dispersion curves for the eigen-waves in a
magnetized electron-positron plasma for oblique propagation
(Machabeli et al. 1999).
lines. The waves propagating almost across the magnetic
field accumulate energy in waves until the nonlinear pro-
cesses start to operate. In Section 4 the development of non-
linear processes is considered that plays the main role in
producing the GRPs.
2 GENERATION OF WAVES PROPAGATING
ALONG THE MAGNETIC FIELD - RADIO
EMISSION MODEL
According to the works of Sturrock (1971) and Tademaru
(1973), due to the cascade processes of pair creation, a
pulsar’s magnetosphere is filled by e−e+ plasma with an
anisotropic one-dimensional distribution function (see Fig-
ure 1) and consists of three components. First component
is the most energetic primary beam, which consists of pri-
mary electrons (the maximum Lorentz factor of the particles
γb ∼ 10
7 ) extracted from the star surface by electric field
induced due to rotation of the magnetized neutron star. Ac-
cording to Goldreich-Julian the density of the primary beam
nb = nGJ = 7 · 10
−2B0P
−1, where B0 is the magnetic field at
pulsar surface and P is the spin period. The second compo-
nent of pulsar magnetospheric plasma is the bulk of plasma
that consists of secondary electrons and positrons produced
through the cascade process of pair creation taking place
near the polar cap in the vacuum gap region (Michel 1982;
Ruderman & Sutherland 1975). The typical Lorentz factor
of the plasma particles assuming that the pulsar has a dipole
magnetic field is γp ≈ 10−10
3 and for the quadrupole model
for the pulsar magnetic field γp ≈ 2 − 5 (Machabeli & Usov
1979a). Considering the quadrupole model for the Crab
pulsar, its parameters B0 = 7.6 · 10
12G, P = 33ms and
the equipartition of energy among the plasma components
2npγp ≈ nbγb one can obtain np ≈ 10
20cm−3. The third
component is a tail on the distribution function with Lorentz
factor γt ∼ 10
4−5. Plasma with anisotropic distribution func-
tion is unstable and can cause excitation of plasma eigen-
waves. The properties of the e−e+ plasma have been in-
vestigated quite thoroughly (e.g., Volokitin et al. (1985);
Arons & Barnard (1986); Lominadze, et al. (1986)). There
are three fundamental modes: the transverse extraordinary
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(X-mode) wave with the electric field perpendicular to the k
and B (where k is the wavevector and B is the vector of the
magnetic field) and the longitudinal-transverse modes with
the electric field lying in the plane formed by k and B: the or-
dinary (O-mode) and Alfve´n (A-mode) modes. The O mode
on the diagram ω(k) begins with the Langmuir frequency
(Figure 2) and when k⊥ = 0, it reduces to the pure longitu-
dinal Langmuir wave. In the laboratory frame the dispersion
relations of O, A and X-modes are, respectively:
ωt = kc(1 − δ), X-mode (1)
ωlt = k ‖c
(
1 − δ −
k2⊥c
2
4γpω
2
p
)
, A-mode (2)
ω2Lt = ω
2
pγ
−3
p + k
2c2, O-mode (3)
where δ = ω2p/4γ
3
pω
2
B
and ω2p = 4πnpe
2/m. The indexes p
and b correspond to the bulk of plasma and the primary
beam of electrons.
The names of the waves used above (X, A, O modes)
are often used by analogy with names for the waves in non-
relativistic electron-ion plasma. However, the waves in rel-
ativistic pair plasma are quite different. The low-frequency
part of the X-mode is in the superluminal region, where
υph > c and its generation is only possible in the region
where it intersects the line ωt = kc on the ω(k) diagram
(See Fig. x). In the high-frequency region ω ≫ ωp/γ
3/2
p the
O-mode merges with the X-mode and converts into trans-
verse wave and for the region where ω < ωp/γ
3/2
p the O-
mode describes electrostatic Langmuir waves, the frequency
of which at the intersection point with the line ωt = kc equals
to ω2 = 2ω2pγp (Lominadze&Mikhailovskii 1979). For more
clarity we prefer here to use different designations for the X,
A, and O-modes, correspondingly naming them as t, lt and
Lt waves. The magnetospheric plasma is anisotropic that
is quite natural in the presence of strong pulsar magnetic
field. The relativistic particles efficiently emit through the
synchrotron mechanism, quickly losing transverse momenta
near the star surface continuing to move along the magnetic
field lines with the relativistic momenta p‖ = mυ‖γ ≫ p⊥.
Such plasma is unstable causing excitation of electromag-
netic waves and as a result both types of eigen-waves t, as
well as lt can be generated (Lominadze et al. 1979). When
t and lt waves are generated with the small inclination an-
gle with respect to the magnetic field, they propagate in the
same direction along the field lines and are orthogonally po-
larized. These are vacuum-like electromagnetic waves and
can leave the magnetosphere reaching an observer as pulsar
emission.
When considering generation of the radio waves, for
which the wavelength λ is much bigger than the average
distance between the plasma particles λ ≫ n−1/3 (here n is
the density of plasma particles) the effects of wave interfer-
ence should be taken into account. As already mentioned the
distribution function shown on Fig. x tends to be unstable
relative to some plasma instabilities. The strongest instabil-
ities that can develop in the pulsar magnetosphere are the
Cherenkov-drift and anomalous cyclotron-Cherenkov insta-
bilities. The frequency of the waves generated via the men-
tioned resonances for typical pulsars falls within the radio
band. The Cherenkov-drift instability develops at the reso-
nance:
ω − kϕυϕ − kxux = 0, (4)
where ux = υ
2
ϕγres/ωBRB is the drift velocity of the particles
across the magnetic field caused by the magnetic field inho-
mogeneity and directed along the direction of the x-axis, γres
is the Lorentz factor of the resonant particles, ωB = eB/mc is
the cyclotron frequency and Rc is the curvature radius of the
magnetic field lines. Here the cylindrical coordinates x, r, ϕ
have been chosen, x-axis directed transversely to the plane
of the curved field line, with r directed along the radius of
curvature of the field line and ϕ the azimuthal coordinate;
kϕ is the component of the wavevector along the magnetic
field and k⊥ = (k
2
r + k
2
x )
1/2.
The second strongest instability in the pulsar magneto-
sphere the cyclotron-Cherenkov instability, which generates
low frequency waves via the anomalous Doppler effect de-
velops at the resonance:
ω − kϕυϕ − kxux +
ωB
γres
= 0. (5)
Lets us consider this resonance condition in more details.
Given that υϕ ≈ c(1−1/2γ
2
res−u
2
x/c
2), k = kϕ(1+k
2
⊥/k
2
ϕ)
1/2 ≈
kϕ(1 + k
2
⊥/2k
2
ϕ ) for the t waves with the spectrum (1) and
small angles of propagation one can rewrite the resonance
condition (5) in the following way
1
2γ2res
+
1
2
(
kx
kϕ
−
ux
c
)2
+
k2r
2k2ϕ
− δ = −
ωB
γreskϕc
. (6)
For the typical pulsar parameters the conditions (6) can be
fulfilled for both the particles in the tail of the distribu-
tion function and the primary beam electrons. Although, the
Cherenkov-drift resonance condition (4) is exclusively ful-
filled for the beam particles. For the bulk plasma γres = γp
the resonance can not be implemented as in this case the
term 1/γ2p is the largest.
For the wave generation via the cyclotron resonance as
it follows from expression (6) it is clear that the following
inequality should be fulfilled:
δ >
1
2γ2res
+
1
2
(
kx
kϕ
−
ux
c
)2
+
k2r
2k2ϕ
. (7)
The parameter δ is quite small, which makes it challeng-
ing fulfillment of the condition (7). Although, the quantity
ω2p/ω
2
B
∼ B and consequently grows with the growth of r -
distance to the pulsar and for typical pulsar parameters this
condition can be fulfilled for the distances of the order of
light cylinder radius.
Let us estimate the frequency of the t waves generated
via the cyclotron resonance. If we denote the angle between
the wave vector k and the magnetic field B as θ and consider
the small propagation angles θ ≪ 1 and take into account
that ux/c ≪ 1, after neglecting the drift term one obtains:
1
2γ2res
+
θ2
2
− δ = −
ωB
ωγres
. (8)
The Eq. (8) requires that 1/2γ2res < δ and θ
2/2 < δ. The
first condition implies that the resonant particles should be
moving with a velocity faster than the phase velocity of the
wave. The second condition limits the generated emission
to small angles with respect to the magnetic field. Assuming
MNRAS 000, 1–7 (2018)
4 G. Machabeli et al.
that 1/2γ2res ≪ δ and θ
2/2 ≪ δ from Eq. (8) one can estimate
the frequency of the generated waves:
ω ≃
ωB
δγres
, (9)
which comes in the radio frequencies for the typical pulsar
parameters.
Both cyclotron-Cherenkov and Cherenkov-drift insta-
bilities are capable to explain the main observational charac-
teristics of pulsar radio emission. The cyclotron-Cherenkov
instability is responsible for the generation of the core-type
radio emission and the Cherenkov-drift instability is respon-
sible for the generation of the cone-type emission. The ex-
cited waves propagate along the magnetic field lines and
the frequency of the generated waves for typical pulsars
falls within the radio band. As shown in Machabeli & Usov
(1979b) the t waves can be only excited by anomalous
Doppler resonance, whereas Cherenkov-drift resonance can
generate both t and lt waves. These instabilities occur in the
outer parts of the magnetosphere in the region near the light
cylinder. The location of the emission region is determined
by the corresponding resonant condition for the instabilities.
Instabilities develop in a limited region on the open field
lines. The size of the emission region is determined by the
curvature of the magnetic field lines, which limits the length
of the resonant wave-particle interaction. The location of
the cyclotron instability is restricted to those field lines with
large radii of curvature, while the Cherenkov-drift instabil-
ity occurs on field lines with curvature bounded both from
above and from below. Thus, both instabilities produce nar-
row pulses, although they operate at radii where the opening
angle of the open field lines is large.
3 GENERATION OF WAVES PROPAGATING
ACROSS THE MAGNETIC FIELD - THE
DRIFT WAVES
Until now we have discussed generation and propagation of
waves with frequencies falling within the radio band and
the rather narrow angles of propagation θ ≈ k⊥/kϕ ≪ 1.
Taking into account the weak inhomogeneity of the mag-
netic field leads to drift of the plasma particles across the
field lines violating the cylindrical symmetry and the permit-
tivity tensor occurs additional terms that are proportional
to the expression 1/(ω − kϕυϕ − kxux ) assuring generation
of waves perpendicular to the magnetic field. It should be
mentioned that the inhomogeneity of the medium (curva-
ture of the magnetic field lines of pulsar) is revealed in linear
approximation only in drift of the charged particles. Thus,
when kRB ≫ 1 the waves propagating in e
−e+ plasma in the
pulsar magnetosphere do not feel the curvature of the field
lines. Though, for the ultrarelativistic particles (e.g. primary
beam electrons) one can not neglect the drift motion across
the magnetic field lines when considering the wave genera-
tion processes.
Let us now investigate generation of low-frequency lt
waves via the Cherenkov-drift resonance propagating nearly
transversely to the magnetic field θ = π/2. In Kazbegi et al.
(1991b) it is shown that for waves propagating almost across
the magnetic field lines and taking into account that the
parameters γω/ωB ≪ 1, (u
2
xα
/c2) ≪ 1 and kϕ/kx ≪ 1 are
small, the dispersion relation can be written as
k2xc
2
ω2 − k2ϕc
2
= εϕϕ = 1+Σα
ω2pα
ω
∫
υϕ/c
(ω − kxuxα − kϕυϕα )
∂ f
∂γ
dpϕ .
(10)
The sum is taken over the all particle species, electrons and
positrons of the bulk plasma, tail particles and electrons of
the beam (α = p, t, b). Assuming that
ω = kxux + kϕυϕ + a, (11)
where a is the small parameter and ux = υ
2
ϕγb/ωBRB (the
resonant particles are the fastest beam electrons). After in-
tegration the dispersion (10) can be rewritten as:
1 −
3ω2p
2γ3pω
2
−
ω2
b
ωa2
ux k⊥
γb
=
k2⊥c
2
ω2
. (12)
The indices p and b denote the bulk plasma and the beam
respectively. The real part of the frequency Reω ≡ ω0 =
kxux+kϕυϕ ≈ kxux and the parameter a is a complex number
and the growth rate of the instability Γ = Ima is the greatest
when
k2⊥ .
3ω2p
2γ3pc
2
. (13)
In this case one can write
Γ ≈
(
nb
np
)1/2 γ3/2p
γ
1/2
b
kxux . (14)
The condition (13) implies the initial value for the wave vec-
tor k⊥ ∼ 1/rD ∼ 10
−1 (for the Crab pulsar parameters), rD
the Debye radius defines the scale of perturbations below
which the condition of quasi-neutrality is violated. Conse-
quently, this defines the maximal value for the perpendic-
ular component of the wave vector. On the other hand the
minimal value for the wave vector is confined by the perpen-
dicular dimension of the magnetosphere in the region of the
wave generation kmin ∼ 1/R
max
⊥ . The perturbations with the
frequency ωdr ≈ kxux , which are propagating almost across
the magnetic field lines we will be calling the drift waves.
The drift waves are excited at the left slope of the distribu-
tion function corresponding to the beam. The wave draws
energy from the longitudinal motion of the beam particles
as in the case of an ordinary Cherenkov wave-particle inter-
action. However, the wave is excited only if kxux , 0, i.e., in
the presence of drift motion of the beam particles.
From expression (14) follows that the increment is
greater the farther from the pulsar surface the instability
develops, while the drift velocity strongly increases with dis-
tance ux ∼ r
3/RB. Generated in the light cylinder region
the growth rate of the drift waves estimated from expres-
sion (14) Γ ∼ 10s−1 appears quite small that is natural as
number of the particles taking part in the resonance is not
very big. However, the drift waves propagate nearly trans-
versely to the magnetic field, encircling the magnetosphere,
and stay in the resonance region for a substantial period of
time. Although the particles give a small fraction of their en-
ergy to the waves and then leave the interaction region, they
are continuously replaced by the new particles entering this
region. The waves leave the resonance region considerably
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more slowly than the particles. Hence, there is insufficient
time for the inverse action of the waves on the particles. The
accumulation of energy in the waves occurs without quasi-
linear saturation.
Note that these low-frequency waves are nearly trans-
verse, with the electric vector being directed almost along
the local magnetic field. From Maxwell’s equation
rotE = −
1
c
∂B
∂t
, (15)
after Fourier transformation one can obtain
Br =
kxc
ω
Eϕ ∼ Eϕ
c
ux
. (16)
Consequently for the drift waves Br ≫ Eϕ .
For the nonzero parallel component of the wave vector,
the resonant condition (4) can be rewritten as:
ω = kux sin
( π
2
− θ′
)
+ kυϕ cos
( π
2
− θ′
)
, (17)
where θ′ = π/2 − θ ≪ 1 taking into account that θ ≈ π/2.
This expression can be rewritten as, ω ≈ k(ux + cθ
′) from
which one can obtain
∂ω
∂k
≈ ux + cθ
′. (18)
For the condition θ′ ≪ ux/c only a small fraction of the
whole energy accumulated in drift waves is transferred in
the direction along the magnetic field lines in the low fre-
quency range. The energy is mainly transferred perpendic-
ularly to the field lines along the circular orbits. The time
of energy pumping from the beam electrons into the drift
waves depends on the angle θ′ = kϕ/kx . This process con-
tinues on the linear stage of the turbulence until the wave
does not leave the magnetosphere. The time during that the
beam particles leave the pulsar magnetosphere is estimated
as τ ∼ rLC/c ∼ 1/Ω, here rLC = cP/2π is the radius of the
light cylinder and Ω is the rotation frequency and for the
Crab pulsar parameters τ ∼ 10−2s. Consequently, the time
during that the drift waves stay in the magnetosphere and
can accumulate the energy is of the order of τ(kx/kϕ ).
At the linear stage of the resonance interaction of the
energetic beam electrons with the drift waves their drift ve-
locity is quite large. The particle move across the magnetic
field with the velocity of the order of ux ∼ 10
−2c, give part
of their energy to the waves and are carried out from the
interaction region. New particles enter this region, in their
turn give part of their energy to the waves and so on. The
wave leaves the interaction region considerably slower than
the particles. Hence there is sufficient time for the waves
to accumulate energy. The energy accumulation process is
maintained until the nonlinear processes start to operate.
In the next section we consider the stage of development of
nonlinear processes and discuss the scenario of formation of
GRPs.
4 NONLINEAR INTERACTION OF DRIFT
WAVES
The energy of the excited drift waves grows when propa-
gating across the magnetic field and encircling the region of
the open field lines until the nonlinear process of induced
scattering of waves on plasma particles develops. From all
nonlinear processes the probability of the three-wave interac-
tion and the induced scattering of waves on plasma particles
is the highest. However, the second-order current describing
the decay interaction is proportional to e3. Hence the contri-
bution of electrons and positrons is compensated if their dis-
tribution functions coincide. At the same time the induced
scattering is proportional to the even charge power (e4). So
that the induced scattering on particles appears significant,
it is necessary that the number of particles taking part in
the resonance is sufficiently large, i.e. the bulk plasma par-
ticles with the Lorentz factors γp ∼ 2− 5 should be the reso-
nant particles. The drift velocity for the particles with small
Lorentz factors is considerably small and the particles move
practically along the field lines. Consequently, the nonlinear
interaction occurs along the pulsar magnetic field and the
resonance condition is written as (Kazbegi et al. 1991b):
ω − ω′ − (kϕ − k
′
ϕ )υϕ = 0. (19)
After taking into account that ω = kxuxb + kϕυϕb and υϕp ≈
c(1 − 1/(2γ2p)), one can rewrite the resonance condition (19)
as
kx − k
′
x
kϕ − k
′
ϕ
= −
c
uxb
1
2γ2p
. (20)
This equation implies two cases: (kx − k
′
x) > 0 and (kϕ− k
′
ϕ) <
0, or (kx − k
′
x) < 0 and (kϕ − k
′
ϕ) > 0.In the first case k
′
x < kx ,
the perpendicular component of the wave vector is reduc-
ing via the scattering process and the parallel component
grows k ′ϕ > kϕ . For the second case k
′
x > kx , k
′
ϕ > kϕ . Both
of these processes are equiprobable. However, at the initial
stage of the development of scattering process the second
case is unlikely to develop. In Sec. 3 we have shown that for
the linearly generated drift waves propagating almost across
the magnetic field the wave vector, i.e. kx is maximal. The
minimum possible value for the wave vector is defined from
the size of the magnetosphere and the minimal value for the
parallel component of the wave vector for the Crab parame-
ters kϕ ∼ 1/rLC ∼ 10
−8cm. Consequently, before the scatter-
ing takes place θ′ ≃ k0ϕ/k
0
x ≃ 10
−7 and the time during that
the waves stay in the pulsar magnetosphere accumulating
energy will be of the order of τ(k0x/k
0
ϕ) ≃ 10
5s.
The scattering event causes growth of the parallel com-
ponent of the wave vector and the perpendicular component
reduces at the same time. At some point one can reach the
case when k ′x ≪ k
′
ϕ , in the other words the wave will be
propagating with the small inclination angle with respect to
the magnetic field lines. This must cause appearance of the
radio emission and supposedly in this case the GRP will be
observed. The time of escape of such waves from the pul-
sar magnetosphere is of the order of rLC/c ∼ 10
−2s, as they
are propagating almost along the magnetic field (the angle
θ ≈ k ′x/k
′
ϕ ≪ 1). The drift waves spend much more time
encircling the open field lines and accumulating energy than
escaping the magnetosphere to reach an observer.
5 APPLICATION OF THE MODEL AND
CONCLUSIONS
The GRPs are the brightest sources of radio emission from
astrophysical objects. They do not affect the average radio
emission characteristics of the given pulsar and are detected
MNRAS 000, 1–7 (2018)
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from pulsar with parameters differing in wide range. The
GRPs are distinguished from pulsar’s ordinary pulsed radio
emission by several special properties. The main property,
as mentioned above is that the peak intensities of GRPs
greatly exceed the peak intensities of the ordinary average
pulses. For the Crab pulsar’s strongest GRP, the peak flux
density exceeds the mean flux density of regular pulses by
a factor of 5 · 105 (Kostyuk et al. 2003). Let us estimate the
energy gained by drift waves at the phase of perpendicular
propagation. The energy source of the process is the kinetic
energy of the beam particles with the typical Lorentz fac-
tors γb ∼ 10
6 − 107 drifting in the perpendicular direction of
the inhomogeneous. Consequently, for the maximum accu-
mulated energy by the drift waves through their propagation
in the pulsar magnetosphere one can write
mu2xγbnbτ
kx
kϕ
, (21)
here τ(kx/kϕ ) is the accumulation time and mu
2
xγbnb is the
energy density of the beam particles. In order to estimate the
excess of the GRP peak intensity over the ordinary pulse,
one needs to consider the a different generation mechanism.
In particular, as we suggest the ordinary radio emission
is generated via the plasma instabilities. Considering that
the ordinary radio pulses in the Crab pulsar are produced
through the cyclotron-Cherenkov resonance, the mean pulse
peak energy can be estimated as
mc2γbnbτ. (22)
Here we have taken into account that the speed of the beam
electrons approximately equals c and multiplied the energy
density by the escaping time of the particles from the mag-
netopshere τ. Now for the ration of the peak flux densities
of the GRP and the mean ordinary pulse (OP) we obtain
SGRP
SOP
≃
( ux
c
)2
×
(
kx
kϕ
)
. (23)
For the Crab pulsar parameters SGRP/SOP ∼ 10
5 that
matches the observations.
The GRPs are very bright and short. As shown in
Hankins et al. (2003) the GRPs from the Crab pulsar are
as short as 2ns. The resonant particles are moving along
the field lines to the observer and the angular distribu-
tion of the radiation reaching the observer is mainly con-
centrated within the small angle (Landau&Lifshitz 1971;
Schwinger et al. 1976)
αrad ≃
1
γres
, (24)
around the field line. If the size of the emitting spot is negli-
gible (compared to the size of the magnetosphere) then the
duration of emission received by an observer is
τrad ≃
1
Ωγres
. (25)
Noting that for the crab pulsar Ω ≈ 200s−1 and for the par-
ticles of primary beam duration of the pulse is τrad ∼ 10
−9s
of the order of nanosecond.
As we can see two main characteristics, the excess of
flux density relative to an average pulse ones and a short
pulse time-scale compared to an average pulse is well ex-
plained in the framework of the present scenario. The radio
emission that we receive as giant radio pulses is generated
via the Cherenkov-drift resonance near the light cylinder
similarly as the ordinary radio pulses. The only difference
is the propagation direction of the generated waves. In case
of ordinary radio pulses the generated waves are propagat-
ing almost along the magnetic field lines leaving the pulsar
magnetosphere and consequently the resonant region con-
siderably fast. On the other hand the same resonance pro-
vides generation of almost perpendicular waves that encircle
the region of open magnetic field lines and propagate in the
direction of the magnetic field with the very low speed of
the order of ckx/kϕ . This ensures presence of the waves in
the resonant region for a sufficiently long time. The resonant
particles leave the wave-particle interaction region quite fast,
though the new particles enter this region continuously and
the waves appear to have sufficient time to accumulate en-
ergy. The accumulated energy is received by observer as
pulsar radio emission due to change of the direction of the
mentioned perpendicular waves via nonlinear scattering pro-
cesses. As these type of waves have much more time to gain
particles’ kinetic energy than the waves that directly leave
the magnetosphere, the pulses with very large energy excess
are observed. The observations reveal that for the Crab pul-
sar the GRPs can occur anywhere within the average pulse,
which could be caused by excitement of the drift waves at
different altitudes and magnetic field lines with. This could
also cause little changes in observed frequency of the waves.
One more fact in favor of our model is the nondetection
of correlation of GRPs and emission in higher frequencies
(Shearer et al. 2003). The mechanism of generation of high
frequency emission in pulsars differs from that of radio emis-
sion (see Chkheidze et al. (2013)) and is connected with the
appearance of pitch angles due to development of cyclotron-
Cherenkov and Cherenkov-drift resonances, switching on the
synchrotron emission generation mechanism. The high fre-
quency emission fulfills λ ≪ n−1/3 condition leaving the gen-
eration region freely without taking part in any process of
energy accumulation by waves.
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